a2 United States Patent

Ouchiyama et al.

US009187641B2

US 9,187,641 B2
Nov. 17, 2015

(10) Patent No.:
(45) Date of Patent:

(54) POLYPHENYLENE SULFIDE RESIN
COMPOSITION, MOLDED PRODUCT OF
POLYPHENYLENE SULFIDE RESIN
COMPOSITION AND PRODUCTION
METHOD OF POLYPHENYLENE SULFIDE
RESIN COMPOSITION

(71)  Applicant: TORAY INDUSTRIES, INC., Tokyo
(P

(72) Inventors: Naoya Quchiyama, Nagoya (JP);
Shunsuke Horiuchi, Nagoya (JP);
Hideki Matsumoto, Nagoya (IP); Kei
Saitoh, Nagoya (JP)

(73) Assignee: Toray Industries, Inc., Tokyo (JP)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 14/364,880

(22) PCT Filed: Dec. 26,2012

(86) PCT No.: PCT/JP2012/008306
§371 (o)D),
(2) Date: Jun. 12,2014

(87) PCT Pub. No.: W02013/099234
PCT Pub. Date: Jul. 4, 2013

(65) Prior Publication Data
US 2014/0343215 Al Nov. 20, 2014
(30) Foreign Application Priority Data
Dec. 28, 2011 2011-287785
Jan. 27,2012 (JP) eveevvrcrcecinecrcceeen 2012-14944
Jan. 30, 2012 ... 2012-16844
Sep. 26, 2012 2012-212225
Sep. 26, 2012 2012-212226
(51) Imt.ClL
CO8L 81/00 (2006.01)
CO8L 81/04 (2006.01)
CO8L 81/02 (2006.01)
B29K 81/00 (2006.01)
B29C 45/00 (2006.01)
(52) US.CL
CPC ....cccue. CO8L 81/02 (2013.01); B29C 45/0001

(2013.01); B29K 2081/04 (2013.01); COSL
2205/025 (2013.01)

(58) Field of Classification Search
CPC oo, CO8L 81/04; CO8L 2205/025
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,384,391 A

2009/0234068 Al
2010/0068518 Al*

1/1995 Miyata et al.
9/2009 Horiuchi et al.
3/2010 Honmaetal. ................ 428/401

FOREIGN PATENT DOCUMENTS

EP 1630201 Al 3/2006
JP 5-163349 A 6/1993
JP 6-172530 A 6/1994
JP 7-53865 A 2/1995
JP 2001-98151 A 4/2001
JP 2005-171242 A 6/2005
JP 2006-219666 A 8/2006
JP 2008-222889 A 9/2008
JP 2008-222899 A 9/2008
JP 2008-231141 A 10/2008
JP 2009-30030 A 2/2009
JP 2011-195824 A 10/2011
WO WO 2007/034800 Al 3/2007
OTHER PUBLICATIONS

Search Report dated Nov. 13, 2014 for European Application No.
12863993.7.

International Search Report issued in PCT/JP2012/008306, mailed
on Apr. 9, 2013.

* cited by examiner

Primary Examiner — Ana Woodward
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
Birch, LLP

(57) ABSTRACT

There is provided a polyphenylene sulfide resin composition,
comprising 5 to 95% by weight of a component (B) which is
a polyphenylene sulfide resin having a weight-average
molecular weight of not less than 10,000 and a weight loss
percentage AWr of not greater than 0.18% under heating,
relative to 95 to 5% by weight of a component (A) which is a
polyphenylene sulfide resin having the weight loss percent-
age AWr of greater than 0.18%, wherein a total of the com-
ponent (A) and the component (B) is equal to 100% by
weight.

6 Claims, No Drawings
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1
POLYPHENYLENE SULFIDE RESIN
COMPOSITION, MOLDED PRODUCT OF
POLYPHENYLENE SULFIDE RESIN
COMPOSITION AND PRODUCTION
METHOD OF POLYPHENYLENE SULFIDE
RESIN COMPOSITION

TECHNICAL FIELD

The present invention relates to a polyphenylene sulfide
resin composition having significantly improved heat resis-
tance and reduced outgas amount without deteriorating the
intrinsic properties of polyphenylene sulfide resin, a molded
product thereof and a production method thereof.

BACKGROUND ART

The polyphenylene sulfide resin (hereinafter abbreviated
as PPS resin) has a high molting point and has favorable
properties as engineering plastic, for example, excellent
flame resistance, rigidity and chemical resistance. The PPS
resin is molded mainly by injection molding and is used in a
wide range of applications including various electric and
electronic components, mechanical components, automobile
components and home electric appliances. The PPS resin
material having the excellent heat resistance and the good
flowability has been highly demanded to meet the latest needs
for modularization of large components for automobiles and
reduction of the wall thickness of molded products accompa-
nied with weight reduction. The PPS resin alone, however,
has the problem of insufficient rigidity at high temperatures
by reduction of the wall thickness of the molded product. The
PPS resin mixed with an inorganic filler such as glass fibers
has, on the other hand, a significant increase in melt viscosity,
while improving the heat resistance and the rigidity. This
causes problems such as an increase in outgas amount by high
shear heat generation during injection molding and deterio-
ration of the molding processability.

In the development of the PPS resin to the application of
automobile lighting components that need the excellent sur-
face smoothness and rigidity, since the PPS resin alone has
insufficient rigidity, the known technique mixes an inorganic
filler with the PPS resin. This, however, fails to provide a
molded product of the sufficient performance. Especially
when a molded product is produced by mixing an inorganic
filler with the PPS resin, the insufficient adhesiveness with the
filler causes the uneven distribution of the filler on the surface
of the molded product and the increased irregularities on the
surface of the molded product. This fails to provide the suf-
ficient surface smoothness and needs secondary processing
such as undercoating for formation of the mirror surface by
coating the molded product with a metal such as aluminum,
thus undesirably reducing the mass productivity. Recently
there has accordingly been high demand for the PPS resin
material having the excellent surface smoothness and rigidity.

By taking advantage of'its characteristics, the PPS resin has
also been recently employed for plumbing components such
as piping components in which oil passes through and home
water heater piping components in which water passes
through. The PPS resin alone, however, has not enough
toughness that is important especially in plumbing compo-
nents and is likely to cause a crack of piping by freezing. A
technique of mixing an olefin resin with the PPS resin has
been studied previously to prevent the freezing-induced
cracking. The conventional technique of mixing an olefin
resin improves the toughness but has the disadvantage that
significant reduction of the rigidity at high temperature is
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likely to cause thermal deformation. A generally employed
technique further mixes an inorganic filler, in order to solve
the problem of the reduced rigidity at high temperatures by
mixing the olefin resin. Mixing the inorganic filler improves
the rigidity, but significantly deteriorates the toughness and
additionally has the disadvantage of deterioration of the
molding processability by an increase in melt viscosity. In
order to solve such problems, there is a high demand for the
PPS resin material satisfying both the toughness and the
rigidity at the high level and having excellent molding pro-
cessability.

For example, Patent Document 1 discloses a resin compo-
sition by mixing polyphenylene sulfide with a weight loss
percentage AWr of not greater than 0.18% under heating with
fibrous and non-fibrous fillers. The resin composition
described in Patent Document 1 has the reduced outgas
amount and improvement in material rigidity but has the
problem of the significantly reduced flowability. The resin
composition described in Patent Document 1 additionally
fails to sufficiently improve the adhesiveness with the filler
and thereby fails to achieve the sufficient level of surface
smoothness and rigidity.

Patent Document 2 discloses a PPS resin composition by
mixing polyphenylene oxide as an amorphous resin and glass
fibers having the fiber diameter of not greater than 7 um. The
PPS resin composition described in Patent Document 2
improves the molding shrinkage in the thickness direction by
mixing the amorphous resin and has an effect of improvement
on the surface smoothness to some extent. This, however,
does not improve the adhesiveness with the filler and still
causes the uneven distribution of the filler on the surface of
the molded product, thus failing to provide the sufficient level
of surface smoothness.

Patent Document 3 discloses a PPS resin composition by
mixing a fibrous filler and a particulate filler in a specific
shape. The resin composition described in Patent Document 3
tries to satisfy both the surface smoothness and the rigidity by
combined use of the filler having the small particle diameter
and the fibrous filler. This, however, fails to sufficiently
improves the adhesiveness of the PPS resin with the filler and
accordingly fails to provide the sufficient level of the surface
smoothness of the PPS resin composition for the practical
use.

Patent Document 4 discloses a PPS resin composition by
mixing an ethylene-a-olefin copolymer having a glass tran-
sition temperature of not higher than —50° C. and an inorganic
filler. The resin composition described in Patent Document 4
improves the rigidity by mixing the inorganic filler but has the
problem of reduction in toughness at low temperatures. This
resin composition is accordingly not the satisfactory level for
the actual use.

The polyphenylene sulfide having the weight loss percent-
age AWr of not greater than 0.18% is known by Patent Docu-
ment 5. Patent Document 6 describes a resin composition by
mixing an epoxy group-containing olefin copolymer and an
olefin copolymer without containing epoxy group with such
polyphenylene sulfide. The resin composition described in
Patent Document 6 reduces the outgas amount and improves
the molding processability but does not have sufficient com-
patibility of the PPS resin with the epoxy group-containing
olefin resin, thus failing to provide the sufficient toughness.

Any of these patent documents fails to teach a composition
by mixing different PPS resins having different weight lose
percentages AWr under heating and, as the result, a compo-
sition that solves the above problems of the PPS resin com-
position.
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PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: JP 2008-231141A (Claims, Embodi-
ments)

Patent Document 2: JP H07-53865A (Claims, Embodi-
ments)

Patent Document 3: JP 2005-171242A (Claims, Embodi-
ments)

Patent Document 4: JP 2011-195824 A (Claims, Embodi-
ments)

Patent Document 5: WO 2007-034800 (Claims, Embodi-
ments)

Patent Document 6: JP 2008-222889A (Claims, Embodi-
ments)

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

An object of the invention is to provide a polyphenylene
sulfide resin composition having significantly improved heat
resistance and reduced outgas amount without deteriorating
the flowability and the mechanical properties which polyphe-
nylene sulfide resin intrinsically has, by mixing polyphe-
nylene sulfide resins having specific outgas amounts, as well
as to provide a molded product thereof.

Means for Solving the Problems

The present invention is made to solve at least part of the
problems described above and may be implemented by the
following aspects.

1. There is provided a polyphenylene sulfide resin compo-
sition, comprising a component (A) and a component (B),

wherein the component (A) is a polyphenylene sulfide
resin having a weight loss percentage AWr expressed by
Equation (1) of greater than 0.18% under heating:

AWr=(W1-W2)/W1x100% (1
(wherein AWr denotes weight loss percentage (%) and is a
value determined from a sample weight (W2) at 330° C.
based on a sample weight (W1) at 100° C. in thermogravi-
metric analysis from 50° C. to an arbitrary temperature of not
lower than 330° C. at a temperature rise rate of 20° C./minute
under ordinary-pressure, non-oxidizing atmosphere); and
the component (B) is a polyphenylene sulfide resin having
a weight-average molecular weight of not less than 10,000
and having the weight loss percentage AWr expressed by the
Equation (1) of not greater than 0.18% under heating,

the polyphenylene sulfide resin composition comprising 5
to 95% by weight of the component (B) relative to 95 to 5%
by weight of the component (A), wherein a total of the com-
ponent (A) and the component (B) is equal to 100% by
weight.

2. There is provided the polyphenylene sulfide resin com-
position described in Aspect 1, wherein the polyphenylene
sulfide resin that is the component (B) has a degree of disper-
sion of not greater than 2.5, wherein the degree of dispersion
is provided by dividing a weight-average molecular weight
by a number-average molecular weight.

3. There is provided the polyphenylene sulfide resin com-
position described in either Aspect 1 or Aspect 2, further
comprising: 1 to 500 parts by weight of a fibrous and/or
non-fibrous filler (C) relative to 100 parts by weight of a total
of the component (A) and the component (B).
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4. There is provided the polyphenylene sulfide resin com-
position described in Aspect 3, further comprising: 0.05 to 10
parts by weight of an alkoxysilane compound (D) having one
or more groups selected among epoxy group, amino group,
isocyanate group, hydroxyl group, mercapto group and ure-
ido group, relative to 100 parts by weight of a total of the
component (A), the component (B) and the component (C).

5. There is provided the polyphenylene sulfide resin com-
position described in any of Aspects 1 to 4, further compris-
ing: 1 to 70 parts by weight of a functional group-containing
olefin copolymer (E) relative to 100 parts by weight of a total
of'the component (A) and the component (B).

6. There is provided the polyphenylene sulfide resin com-
position described in Aspect 5, wherein a functional group of
the functional group-containing olefin copolymer (F) is one
ormore groups selected among epoxy group, carboxyl group,
acid anhydride group, amino group and mercapto group.

7. There is provided the polyphenylene sulfide resin com-
position described in any of Aspects 1 to 6, wherein the
component (B) has an alkali metal content of less than 700
ppm as a weight ratio.

8. There is provided the polyphenylene sulfide resin com-
position described in any of Aspects 1 to 7, wherein a content
of a lactone-based compound in a gas component produced
by heating the component (B) is not greater than 500 ppm on
a weight basis of polyphenylene sulfide.

9. There is provided the polyphenylene sulfide resin com-
position described in any of Aspects 1 to 7, wherein a content
of an aniline-based compound in a gas component produced
by heating the component (B) is not greater than 300 ppm on
a weight basis of polyphenylene sulfide resin.

10. There is provided the polyphenylene sulfide resin com-
position described in any of Aspects 1 to 9, wherein the
component (B) is a polyphenylene sulfide resin which
includes at least 50% by weight or more of a cyclic polyphe-
nylene sulfide shown by a general formula (I):

[Chem. 1]

@

(wherein m is an integral number of 4 to 20, and the compo-
nent (B) is allowed to be a mixture of a plurality of different
cyclic polyphenylene sulfides having different numbers m)
and is obtained by heating a polyphenylene sulfide prepoly-
mer having a weight-average molecular weight of less than
10,000 to be converted to a high degree of polymer having a
weight average molecular weight of not less than 10,000.
11. There is provided a molded product produced from the
polyphenylene sulfide resin composition described in any of
Aspects 1 to 10.
12. There is provided a production method of a polyphe-
nylene sulfide resin composition, comprising the steps of:
providing a component (A) which is a polyphenylene sul-
fide resin having a weight loss percentage AWr expressed by
Equation (1) of greater than 0.18% under heating:
AWr=(W1-W2)/W1x100% (1
(wherein AWr denotes weight loss percentage (%) and is a
value determined from a sample weight (W2) at 330° C.
based on a sample weight (W1) at 100° C. in thermogravi-
metric analysis from 50° C. to an arbitrary temperature of not
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lower than 330° C. at a temperature rise rate of 20° C./minute
under ordinary-pressure, non-oxidizing atmosphere);

providing a component (B) which is a polyphenylene sul-
fide resin having a weight-average molecular weight of not
less than 10,000 and having the weight loss percentage AWr
expressed by the Equation (1) of not greater than 0.18% under
heating; and

mixing 5 to 95% by weight of the component (B) with 95
to 5% by weight of the component (A), wherein a total of the
component (A) and the component (B) is equal to 100% by
weight.

Advantageous Effects of Invention

The invention provides a polyphenylene sulfide resin com-
position having excellent flowability, excellent heat resis-
tance and reduced outgas amount by mixing a PPS resin
having a weight loss percentage AWr of not greater than
0.18% under heating with a PPS resin having the weight loss
percentage AWr of greater than 0.18% under heating. The
polyphenylene sulfide resin composition of the invention sat-
isfies both the flowability and the heat resistance at the high
level and accordingly has excellent thin-wall moldability and
thin-wall beat resistance, thus being useful for downsizing
and weight saving of large components of automobiles. The
invention provides a filler-reinforced polyphenylene sulfide
resin composition having excellent surface smoothness,
excellent rigidity and reduced outgas amount, by further add-
ing 1 to 50 parts by weight of a fibrous and/or non-fibrous
filler relative to the total of 100 parts by weight of the above
two PPS resins. Mixing the filler with the polyphenylene
sulfide resin composition of the invention satisfies both the
surface smoothness and the rigidity at the high level and
provides a PPS resin composition suitable for applications of
various electric and electronic components, home electric
appliances, automobile components and mechanical compo-
nents and especially suitable as the material for applications
of automobile lighting components that need the sophisti-
cated appearance of a molded product and the high rigidity.
The invention also provides a polyphenylene sulfide resin
composition having improved rigidity and reduced outgas
amount without significantly deteriorating high toughness by
addition of an olefin-based resin, by further adding 1 to 70
parts by weight of a functional group-containing olefin
copolymer relative to the total of 100 parts by weight of the
above two PPS resins. Mixing the functional group-contain-
ing olefin-based resin with the polyphenylene sulfide resin
composition of the invention satisfies both the toughness at
low temperature and the rigidity at the high level and has
reduced outgas amount. Accordingly this solves the problem
of the reduced mass productivity due to the mold deposit and
provides a PPS resin composition suitable as the material for
plumbing components such as toilet-related components,
water heater-related components, bath-related components
and pump-related components.

MODE FOR CARRYING OUT THE INVENTION

The following describes embodiments of the invention in
detail.
(A) Polyphenylene Sulfide Resin Having Weight Loss Per-
centage AWr of Greater than 0.18%

The polyphenylene sulfide resin (A) used according to an
embodiment of the invention is a polymer having a repeating
unit shown by the following structural formula:
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[Chem. 2]

- 1Oy

In terms of the heat resistance, the polyphenylene sulfide
resin (A) is preferably a polymer having 70 mol % or more or
further specifically having 90 mol % or more of the repeating
unit shown by the above structural formula. The polyphe-
nylene sulfide resin (A) may be configured, such that less than
about 30 mol % of its repeating unit is comprised of, for
example, repeating units having the following structures:

[Chem. 3]

{O~O+
O
O+

O

O 4G
%@H

A polyphenylene sulfide copolymer partly including the
above structures has a low melting point, so that a resin
composition of this copolymer has an advantage in moldabil-
ity.

The melt viscosity of the polyphenylene sulfide resin (A)
used according to the embodiment of the invention is not
specifically limited, but in terms of achieving the sufficient
effect of improvement in heat resistance, is preferably not
higher than 1000 Pa-s (300° C., shear rate: 1000/s), is more
preferably not higher than 700 Pa-s and is furthermore pref-
erably not higher than 500 Pa-s. The lower limit of the melt
viscosity of the polyphenylene sulfide resin (A) is preferably
not lower than 1 Pa-s in terms of the melt molding process-
ability and the outgas amount. The melt viscosity according
to the embodiment of the invention is a measured value using
Capilograph manufactured by Toyo Seiki Seisaku-sho, Ltd.
under the conditions 0of 300° C. and shear rate of 1000/s.

The molecular weight of the polyphenylene sulfide resin
(A) according to the embodiment of the invention is not less
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than 10,000, is preferably not less than 15,000 and is more
preferably not less than 18,000 as the weight-average
molecular weight. The weight-average molecular weight of
less than 10,000 reduces the moldability during processing
and deteriorates the properties such as mechanical strength
and heat resistance of a molded product. The upper limit of
the weight-average molecular weight is not especially speci-
fied, but is preferably in a range of less than 1,000,000, more
preferably less than 500,000 and furthermore preferably less
than 200,000. The upper limit of the weight-average molecu-
lar weight in this range ensures the high molding processabil-
ity.

The spread of the molecular weight distribution of the
polyphenylene sulfide resin (A) according to the embodiment
of the invention, i.e., the degree of dispersion shown by the
ratio of the weight-average molecular weight to the number-
average molecular weight (weight-average molecular weight/
number-average molecular weight) is preferably not less than
2.5, is more preferably not less than 2.6, is furthermore pref-
erably not less than 2.7 and is especially preferably not less
than 3.0. The upper limit of the degree of dispersion is not
especially specified, but a range of not greater than 5.0 is
preferable. When the degree of dispersion exceeds 5.0, the
polyphenylene sulfide resin (A) includes an extremely large
amount of low-molecular components. This may cause dete-
rioration of the mechanical properties and the melt residence
stability in application of the polyphenylene sulfide resin (A)
to molding process. The above weight-average molecular
weight and number-average molecular weight may be deter-
mined, for example, by ESC (size exclusion chromatogra-
phy) using a differential refractive index detector.

With regard to the polyphenylene sulfide resin (A) used
according to the embodiment of the invention, a weight loss
percentage under heating satisfies the following Expression

(D)

AWr=(W1=W2)/ W1x100>0.18(%) o)

Herein AWr denotes weight loss percentage (%) and is a
value determined from a sample weight (W2) at 330° C.
based on a sample weight (W1) at 100° C. in thermogravi-
metric analysis from 50° C. to an arbitrary temperature of not
lower than 330° C. at a temperature rise rate of 20° C./minute
under ordinary-pressure, non-oxidizing atmosphere.

The lower limit of AWr of the polyphenylene sulfide resin
(A) used according to the embodiment of the invention is
selected in a range of greater than 0.18%. The upper limit of
AWT of the polyphenylene sulfide resin (A) is preferably not
greater than 0.40%, is more preferably not greater than 0.30%
and is furthermore preferably not greater than 0.25%, in order
to reduce the outgas amount during the molding process.
When AWr of the polyphenylene sulfide resin (A) used
according to the embodiment of the invention exceeds 2.0%,
the outgas amount during the molding process of a resin
composition including the polyphenylene sulfide resin (A) is
increased and is thus likely to increase the mold deposit. This
undesirably increases the frequency of maintenance ofamold
and thereby reduces the mass productivity.

The following describes a production method of the
polyphenylene sulfide resin (A) used according to the
embodiment of the invention, but the following method is not
atall restrictive and may be replaced by any other method that
can produce the polyphenylene sulfide resin (A) having the
above structure.

First, the following describes the details of a polyhaloge-
nated aromatic compound, a sulfidizing agent, a polymeriza-
tion solvent, a molecular weight modifier, a polymerization

40

45

8

modifier and a polymerization stabilizer used in the produc-
tion method of the polyphenylene sulfide resin (A).
[Polyhalogenated Aromatic Compound]

The polyhalogenated aromatic compound is a compound
having two or more halogen atoms in one molecule. Specific
examples ofthe polyhalogenated aromatic compound include
p-dichlorobenzene, m-dichlorobenzene, o-dichlorobenzene,
1,3,5-trichlorobenzene, 1,2,4-trichlorobenzene, 1,2.4,5-tet-
rachlorobenzene, hexachlorobenzene, 2,5-dichlorotoluene,
2,5,-dichloro-p-xylene, 1,4-dibromobenzene, 1,4-diiodoben-
zene and 1-methoxy-2,5-dichlorobenzene; p-dichloroben-
zene is used preferably. Additionally, two or more different
polyhalogenated aromatic compounds may be used in com-
bination to form a copolymer. This copolymer preferably has
a p-dehalogenated aromatic compound as the major compo-
nent.

In terms of obtaining the polyphenylene sulfide resin (A)
having the viscosity suitable for processing, the used amount
of the polyhalogenated aromatic compound is not less than
0.9 mol, is preferably not less than 0.95 mol and is more
preferably not less than 1.005 mol per 1 mol of the sulfidizing
agent. For the same reason, the used amount of the polyhalo-
genated aromatic compound is also not greater than 2.0 mol,
is preferably not greater than 1.5 mol and is more preferably
not greater than 1.2 mol per 1 mole of the sulfidizing agent.
[Sulfidizing Agent]

The sulfidizing agent may be, for example, an alkali metal
sulfide, an alkali metal hydrosulfide or hydrogen sulfide.

Specific examples of the alkali metal sulfide include
lithium sulfide, sodium sulfide, potassium sulfide, rubidium
sulfide, cesium sulfide and mixtures of two or more of these
alkali metal sulfides. Among them, sodium sulfide is prefer-
ably used. Any of these alkali metal sulfides may be used asa
hydrate or an aqueous mixture or in the form of an anhydride.

Specific examples of the alkali metal hydrosulfide include
sodium hydrosulfide, potassium hydrosulfide, lithium hydro-
sulfide, rubidium hydrosulfide, cesium hydrosulfide and mix-
tures of two or more of these alkali metal hydrosulfides.
Among them, sodium hydrosulfide is preferably used. Any of
these alkali metal hydrosulfides may be used as a hydrate or
an aqueous mixture or in the form of an anhydride.

The alkali metal sulfide used may be produced in the reac-
tion system from an alkali metal hydrosulfide and an alkali
metal hydroxide. Additionally, the alkali metal sulfide may be
produced in advance from an alkali metal hydrosulfide and an
alkali metal hydroxide and may be transferred to a polymer-
ization tank to be used. Alternatively the alkali metal sulfide
used may be produced in the reaction system from an alkali
metal hydroxide such as lithium hydroxide or sodium
hydroxide and hydrogen sulfide. Additionally, the alkali
metal sulfide may be produced in advance from an alkali
metal hydroxide such as lithium hydroxide or sodium
hydroxide and hydrogen sulfide and may be transferred to a
polymerization tank to be used.

When there is a partial loss of the sulfidizing agent due to,
for example, a dehydration operation prior to a start of poly-
merization reaction, the fed amount of the sulfidizing agent
denotes a remaining amount of the sulfidizing agent deter-
mined by subtracting the loss from an actual fed amount.

Besides, an alkali metal hydroxide and/or an alkaline earth
metal hydroxide may be used together with the sulfidizing
agent. Preferable examples of the alkali metal hydroxide spe-
cifically include sodium hydroxide, potassium hydroxide,
lithium hydroxide, rubidium hydroxide, cesium hydroxide
and mixtures of two or more of these alkali metal hydroxides.
Specific examples of the alkaline earth metal hydroxide
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include calcium hydroxide, strontium hydroxide and barium
hydroxide. Among them, sodium hydroxide is preferably
used.

When the alkali metal hydrosulfide is used as the sulfidiz-
ing agent, it is especially preferable to use an alkali metal
hydroxide simultaneously. The used amount of the simulta-
neously used alkali metal hydroxide is not less than 0.95 mol,
is preferably not less than 1.00 mol and is more preferably not
less than 1.005 mol per 1 mol of the alkali metal hydrosulfide.
The used amount of the simultaneously used alkali metal
hydroxide is also not greater than 1.20 mol, is preferably not
greater than 1.15 mol and is more preferably not greater than
1.100 mol per 1 mol of the alkali metal hydrosulfide.
[Polymerization Solvent]

An organic polar solvent is preferably used as the polymer-
ization solvent. Specific examples include: N-alkyl pyrroli-
dones such as N-methyl-2-pyrrolidone and N-ethyl-2-pyr-
rolidone; caprolactams such as N-methyl-e-caprolactam;
aprotic organic solvents such as 1,3,-dimethyl-2-imidazolidi-
none, N,N-dimethylacetamide, N,N-dimethylformamide,
hexamethylphosphoric triamide, dimethyl sulfone and tet-
ramethylene sulfoxide; and mixtures thereof. Any of these
polymerization solvents has the high reaction stability and is
thus used preferably. Among them, N-methyl-2-pyrrolidone
(hereinafter may be abbreviated as NMP) is especially pref-
erably used.

The used amount of the organic polar solvent is not less
than 2.0 mol, is preferably not less than 2.25 mol and is more
preferably not less than 2.5 mol per 1 mol of the sulfidizing
agent. The used amount of the organic polar solvent is also not
greater than 10 mol, is preferably not greater than 6.0 mol and
is more preferably not greater than 5.5 mol per 1 mol of the
sulfidizing agent.

[Molecular Weight Modifier|

For the purpose of for example, forming terminals of the
resulting PPS resin (A), controlling the polymerization reac-
tion or modifying the molecular weight, a monohalogenated
compound (not necessarily aromatic compound) may be used
with the polyhalogenated aromatic compound described
above.

[Polymerization Modifier]|

One preferable aspect uses a polymerization modifier, in
order to obtain the polyphenylene sulfide resin (A) having a
relatively high degree of polymerization in a shorter time. The
polymerization modifier herein means a substance having the
function of increasing the viscosity of the resulting PPS resin
(A). Specific examples of this polymerization modifier
include organic carboxylates, water, alkali metal chlorides,
organic sulfonates, alkali metal sulfates, alkaline earth metal
oxides, alkali metal phosphates and alkaline earth metal phos-
phates. Any of these polymerization modifiers may be used
alone, or alternatively two or more of these polymerization
modifiers may be used simultaneously. Among them, organic
carboxylates, water and alkali metal chlorides are preferable.
More specifically, alkali metal carboxylates are more prefer-
able as the organic carboxylate, and lithium chloride is more
preferable as the alkali metal chloride.

The above alkali metal carboxylate is a compound
expressed by a general formula R(COOM),, (in the formula, R
represents an alkyl group, a cycloalkyl group, an aryl group,
an alkyl aryl group or an aryl alkyl group containing 1 to 20
carbon atoms; M represents an alkali metal selected among
lithium, sodium, potassium, rubidium and cesium; and n rep-
resents an integral number of 1 to 3). The alkali metal car-
boxylate may be used as a hydrate, an anhydride or an aque-
ous solution. Specific examples of the alkali metal
carboxylate include lithium acetate, sodium acetate, potas-
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sium acetate, sodium propionate, lithium valerate, sodium
benzoate, sodium phenylacetate, potassium p-toluate and
mixtures thereof.

The alkali metal carboxylate may be obtained by mixing
and reacting substantially the same chemical equivalents of
an organic acid and one or more compounds selected among
the group consisting of alkali metal hydroxides, alkali metal
carbonates and alkali metal bicarbonates. Among the above
alkali metal carboxylates, the lithium salts have high solubil-
ity in the reaction system and significant modifier effects but
are expensive, while the potassium salts, the rubidium salts
and the cesium salts are likely to have insufficient solubility in
the reaction system. Accordingly, sodium acetate that is less
expensive and has moderate solubility in the polymerization
system is most preferably used.

The used amount of any of these alkali metal carboxylates
used as the polymerization modifier is generally not less than
0.01 mol, is preferably not less than 0.1 mol to achieve the
higher degree of polymerization, and is more preferably not
less than 0.2 mol per 1 mol of the fed amount of the alkali
metal sulfide. The above used amount is also generally not
greater than 2 mol, is preferably not greater than 0.6 mol to
achieve the higher degree of polymerization, and is more
preferably not greater than 0.5 mol per 1 mol of the fed
amount of the alkali metal sulfide.

The added amount of water used as the polymerization
modifier is generally not less than 0.3 mol, is preferably not
less than 0.6 mol to achieve the higher degree of polymeriza-
tion, and is more preferably not less than 1 mol per 1 mol of
the fed amount of the alkali metal sulfide. The above added
amount is also generally not greater than 15 mol, is preferably
not greater than 10 mol to achieve the higher degree of poly-
merization, and is more preferably not greater than 5 mol per
1 mol of the fed amount of the alkali metal sulfide.

It is also allowed as a matter of course to use two or more
of these polymerization modifiers in combination. For
example, using an alkali metal carboxylate and water together
achieves a higher degree of polymerization by the smaller
required amounts of the alkali metal carboxylate and water.

The timing of addition of any of these polymerization
modifiers is not especially specified but may be any time at a
pre-processing step, at the start of polymerization or in the
middle of polymerization described later, and the polymer-
ization modifier may be added in a plurality of additions.
When an alkali metal carboxylate is used as the polymeriza-
tion modifier, it is preferable to add the alkali metal carboxy-
late at once at the start of the pre-processing step or at the start
of'polymerization in the light of easy addition. When water is
used as the polymerization modifier, on the other hand, it is
effective to add water in the middle of the polymerization
reaction after feeding the polyhalogenated aromatic com-
pound.

[Polymerization Stabilizer|

A polymerization stabilizer may be used, in order to stabi-
lize the polymerization reaction system and prevent side reac-
tions. The polymerization stabilizer contributes to stabilizing
the polymerization reaction system and suppresses undesired
side reactions. One indication of the side reaction is genera-
tion of thiophenol. Addition of the polymerization stabilizer
suppresses generation of thiophenol. Specific examples of the
polymerization stabilizer are compounds such as alkali metal
hydroxides, alkali metal carbonates, alkaline earth metal
hydroxides and alkaline earth metal carbonates. Among
them, alkali metal hydroxides such as sodium hydroxide,
potassium hydroxide and lithium hydroxide are preferable.
The alkali metal carboxylate described above also acts as the
polymerization stabilizer and is thus to be included as one of



US 9,187,641 B2

11

the polymerization stabilizers. When the alkali metal hydro-
sulfide is used as the sulfidizing agent, it is especially prefer-
able to use an alkali metal hydroxide simultaneously as
described above. An excess of the alkali metal hydroxide
relative to the sulfidizing agent may also serve as the poly-
merization stabilizer.

Any of these polymerization stabilizers may be used alone,
or alternatively two or more of these polymerization stabiliz-
ers may be used in combination. The used amount of the
polymerization stabilizer is generally not less than 0.02 mol,
is preferably not less than 0.03 mol and is more preferably not
less than 0.04 mol per 1 mol of the fed amount of the alkali
metal sulfide. The above used amount is also generally not
greater than 0.2 mol, is preferably not greater than 0.1 mol and
is more preferably not greater than 0.09 mol per 1 mol of the
fed amount of the alkali metal sulfide. The smaller ratio has
insufficient stabilization effects, while the excessively large
ratio is economically disadvantageous and is likely to reduce
the polymer yield.

The timing of addition of the polymerization stabilizer is
not especially specified but may be any time at the pre-
processing step, at the start of polymerization or in the middle
of polymerization described later, and the polymerization
stabilizer may be added in a plurality of additions. It is,
however, preferable to add the polymerization stabilizer at
once at the start of the pre-processing step or at the start of
polymerization, in the light of easy addition.

The following specifically and sequentially describes a
pre-processing step, a polymerization reaction step, a recov-
ery step and a post-processing step with respect to a prefer-
able production method of the polyphenylene sulfide resin
(A) used according to the embodiment of the invention. The
production method of the polyphenylene sulfide resin (A) is,
however, not limited to this method.

[Pre-Processing Step|

In the production method of the polyphenylene sulfide
resin (A), the sulfidizing agent is generally used in the form of
a hydrate. It is here preferable to raise the temperature of a
mixture including an organic polar solvent and a sulfidizing
agent and remove an excess amount of water out of the sys-
tem, prior to addition of a polyhalogenated aromatic com-
pound.

The sulfidizing agent used may be a sulfidizing agent pro-
duced in the reaction system from an alkali metal hydrosul-
fide and an alkali metal hydroxide or may be a sulfidizing
agent produced in a different tank from a polymerization tank
as described above. The procedure employed for such pro-
duction is not specifically limited, but one applicable proce-
dure may add an alkali metal hydrosulfide and an alkali metal
hydroxide to an organic polar solvent under an inert gas
atmosphere in a temperature range of ordinary temperature to
150° C. or preferably in a temperature range of ordinary
temperature to 100° C., raise the temperature to at least 150°
C. or higher or preferably to 180 to 260° C. under ordinary
pressure or under reduced pressure, so as to remove water.
The polymerization modifier may be added in this stage. The
reaction may be performed with addition of, for example,
toluene, in order to facilitate removal of water.

The water content in the polymerization system during the
polymerization reaction is preferably 0.3 to 10.0 mol per 1
mol of the fed amount of the sulfidizing agent. The water
content in the polymerization system means an amount deter-
mined by subtracting the amount of water removed out of the
polymerization system from the amount of water fed to the
polymerization system. The water fed may be in any form,
such as water, an aqueous solution or water of crystallization.
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[Polymerization Reaction Step]|

The polyphenylene sulfide resin (A) is produced by reac-
tion of the sulfidizing agent and the polyhalogenated aromatic
compound in the organic polar solvent in a temperature range
of not lower than 200° C. but lower than 290° C.

At the start of the polymerization reaction step, the organic
polar solvent, the sulfidizing agent and the polyhalogenated
aromatic compound are mixed preferably under an inert gas
atmosphere in a temperature range of not lower than ordinary
temperature or preferably not lower than 100° C. and not
higher than 240° C. or preferably not higher than 230° C. The
polymerization modifier may be added in this stage. These
raw materials may be fed in a random order or may be fed
simultaneously.

The temperature of this mixture is then raised generally to
a range of 200° C. to 290° C. The rate of temperature rise is
not specifically limited; but the rate of not lower than 0.01°
C./minute is generally selected and the rate of not lower than
0.1° C./minute is more preferable. The rate of not higher than
5° C./minute is generally selected as the above rate of tem-
perature rise and the rate of not higher than 3° C./minute is
more preferable.

In general, the temperature is eventually raised to 250 to
290° C. The reaction is performed at the temperature gener-
ally for not shorter than 0.25 hours or preferably for not
shorter than 0.5 hours. The reaction is also performed at the
above temperature generally for not longer than 50 hours and
preferably for not longer than 20 hours.

A method of raising the temperature to 270t0 290° C. after
the reaction for a predetermined time at, for example, 200 to
260° C. at the stage prior to reaching to the final temperature
is effective to achieve the higher degree of polymerization. In
this application, generally the range 0f 0.25 hours to 20 hours
or preferably the range of 0.25 to 10 hours is selected as the
reaction time at 200 to 260° C.

Additionally, in some cases, multi-stage polymerization
may be effective to obtain a polymer having the higher degree
of polymerization. In the application of multi-stage polymer-
ization, it is advantageous that the process goes on to a next
polymerization stage at the time when the conversion ratio of
the polyhalogenated aromatic compound in the system at
245° C. reaches 40 mol % or higher or preferably 60 mol %.

The conversion ratio of the polyhalogenated aromatic com-
pound (abbreviated as PHA herein) is a value calculated by
the following equations. The remaining amount of PHA is
generally determined by gas chromatography.

(a) In the case of addition of an excess in molar ratio of the
polyhalogenated aromatic compound relative to the alkali
metal sulfide:
Conversion ratio=[feeding amount of PHA (mol)-
remaining amount of PHA (mol)]/[feeding

amount of PHA(mol)-excessive amount of PHA
(mol)]

(b) In the case other than the above case (a):

Conversion ratio=[feeding amount of PHA(mol)-
remaining amount of PHA(mol)]/[feeding
amount of PHA(mol)]

[Recovery Step]

In the production method of the polyphenylene sulfide
resin (A), a solid substance is recovered from a polymeriza-
tion reactant including a polymer and the solvent after the end
of the above polymerization reaction step. Any of known
recovery techniques may be employed as the method of
recovery.

For example, an available method may slowly cool down
the polymerization reactant after the end of the polymeriza-
tion reaction for recovery of a particulate polymer. The slow
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cooling rate in this application is not specifically limited but
is generally about 0.1° C./minute to 3° C./minute. There is no
need to slowly cool down the polymerization reactant at a
constant speed over the entire slow cooling step. One appli-
cable method may slowly cool down the polymerization reac-
tant at the slow cooling rate of 0.1 to 1° C./minute until
crystallization and deposition of the polymer particles and
then slowly cool down the polymerization reactant at the slow
cooling rate of not lower than 1° C./minute.

One of the preferable methods performs the above recov-
ery under a rapid cooling condition. A flushing method may
be employed as this recovery method. The flushing method
flushes the polymerization reactant from the state of high
temperature and high pressure (generally not lower than 250°
C. and not less than 8 kg/cm?) into an atmosphere of ordinary
pressure or reduced pressure and thereby recovers the poly-
mer in the powdery form simultaneously with recovery of the
solvent. Flushing herein means ejecting the polymerization
reactant from a nozzle. The atmosphere into which the poly-
merization reactant is flushed is, for example, nitrogen atmo-
sphere or water vapor atmosphere in ordinary pressure, and
the range of 150° C. to 250° C. is generally selected as the
flushing temperature.

[Post-Processing Step]

The polyphenylene sulfide resin (A) may be subject to acid
treatment, hot water treatment or washing with an organic
solvent after production through the polymerization reaction
step and the recovery step described above. The polyphe-
nylene sulfide resin (A) may be subject to treatment with an
alkali metal or treatment with an alkaline earth metal in any
step during production of the polyphenylene sulfide resin (A).

The acid treatment may be performed as described below.
The acid used for acid treatment of the polyphenylene sulfide
resin (A) is not specifically limited but may be any acid
without the action of degrading the polyphenylene sulfide
resin (A). Available examples of the acid include acetic acid,
hydrochloric acid, sulfuric acid, phosphoric acid, silicic acid,
carbonic acid and propionic acid. Among them, acetic acid
and hydrochloric acid are more preferably used. An acid that
degrades or deteriorates the polyphenylene sulfide resin (A),
such as nitric acid is, however, undesirable.

An available method of acid treatment is, for example, a
method of soaking the polyphenylene sulfide resin (A) in an
acid or an acid aqueous solution, with adequately stirring or
heating as appropriate. For example, when acetic acid is used,
sufficient effects are achieved by soaking the powder of PPS
resin (A) in an acetic acid aqueous solution of pH 4 heated to
80 to 200° C. and stirring the resin-soaked solution for 30
minutes. The pH after the acid treatment may be not lower
than 4 and may be, for example, in the range of about pH 4 to
8. The polyphenylene sulfide resin (A) subject to the acid
treatment is preferably washed with water or warm water
several times for removal of the remaining acid or salt. The
water used for washing is preferably distilled water or deion-
ized water, since distilled water or deionized water does not
deteriorate the effects of desired chemical modification of the
polyphenylene sulfide resin (A) by acid treatment.

The hot water treatment may be performed as described
below. In the process of hot water treatment of the polyphe-
nylene sulfide resin (A), the temperature of hot water is not
lower than 100° C., is more preferably not lower than 120° C.,
is furthermore preferably not lower than 150° C. and is espe-
cially preferably not lower than 170° C. The temperature of
lower than 100° C. gives little effects of desired chemical
modification of the polyphenylene sulfide resin (A) and is
thus undesirable.
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In order to achieve the effects of desired chemical modifi-
cation of the polyphenylene sulfide resin (A) by hot water
treatment, the water used is preferably distilled water or
deionized water. The operation of hot water treatment is not
specifically limited. An available method is, for example, a
method of heating a predetermined amount of the polyphe-
nylene sulfide resin (A) in a predetermined amount of water
with stirring in a pressure vessel or a method of continuously
performing hot water treatment. As the ratio of the polyphe-
nylene sulfide resin (A) to water, the greater portion of water
is preferable. The liquor ratio of not greater than 200 g of the
polyphenylene sulfide resin (A) to 1 liter of water is generally
selected.

An inert atmosphere is preferably employed for the atmo-
sphere of hot water treatment, in order to avoid undesired
degradation of terminal groups of the polyphenylene sulfide
resin (A). Additionally, it is preferable to wash the polyphe-
nylene sulfide resin (A) subject to this hot water treatment
operation with warm water several times for removal of the
remaining components.

The organic solvent washing may be performed as
described below. The organic solvent used for washing the
polyphenylene sulfide resin (A) is not specifically limited but
may be any organic solvent without the action of degrading
the polyphenylene sulfide resin (A). Available examples
include: nitrogen-containing polar solvents such as N-me-
thyl-2-pyrrolidone, dimethylformamide, dimethylacetamide,
1,3-dimethylimidazolidinone, hexamethylphosphoramide
and piperazinones; sulfoxide/sulfone solvents such as dim-
ethyl sulfoxide, dimethyl sulfone and sulfolane; ketone sol-
vents such as acetone, methyl ethyl ketone, diethyl ketone and
acetophenone; ether solvents such as dimethyl ether, dipropyl
ether, dioxane and tetrahydrofuran; halogen solvents such as
chloroform, methylene chloride, trichloroethylene, ethylene
dichloride, perchloroethylene, monochloroethane, dichloro-
ethane, tetrachloroethane, perchloroethane and chloroben-
zene; alcohol/phenol solvents such as methanol, ethanol, pro-
panol, butanol, pentanol, ethylene glycol, propylene glycol,
phenol, cresol, polyethylene glycol and polypropylene gly-
col; and aromatic hydrocarbon solvents such as benzene,
toluene and xylene. Among these organic solvents, it is espe-
cially preferable to use, for example, N-methyl-2-pyrroli-
done, acetone, dimethylformamide and chloroform. Addi-
tionally, any of these organic solvents may be used alone or
alternatively may be used as a mixture of two or more of the
organic solvents.

An available method of organic solvent washing is, for
example, a method of soaking the polyphenylene sulfide resin
(A) inthe organic solvent, with adequately stirring or heating
as appropriate. The washing temperature during washing of
the polyphenylene sulfide resin (A) with the organic solvent is
not specifically limited, but any temperature in ordinary tem-
perature to about 300° C. may be selected. The higher wash-
ing temperature is likely to have the higher washing effi-
ciency, but the washing temperature in ordinary temperature
to 150° C. generally achieves the sufficient effects. Another
available method may wash under pressure in a pressure
vessel at the temperature of not lower than the boiling point of
the organic solvent. The washing time is also not specifically
limited. The washing time depends on the washing condi-
tions, but washing for 5 or more minutes generally achieves
the sufficient effects in the case of batch washing. Continuous
washing is also available.

Available methods of alkali metal treatment or alkaline
earth metal treatment include: for example, a method of add-
ing an alkali metal salt or an alkaline earth metal salt prior to,
during or after the pre-processing step described above; a
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method of adding an alkali metal salt or an alkaline earth
metal salt in a polymerization tank prior to, during or after the
polymerization step described above; and a method of adding
an alkali metal salt or an alkaline earth metal salt at an initial
stage, a middle stage or a final stage of the washing step
described above. Among them, the simplest method is a pro-
cedure of adding an alkali metal salt or an alkaline earth metal
salt after removal of the remaining oligomers and the remain-
ing salts by washing with an organic solvent or by washing
with warm water or hot water. It is preferable to introduce an
alkali metal or an alkaline earth metal into the PPS resin (A)
in the form of an alkali metal ion or an alkaline earth metal ion
such as an acetate, a hydroxide or a carbonate. It is also
preferable to remove an excess of the alkali metal salt or the
alkaline earth metal salt by, for example, warm water wash-
ing. The concentration of the alkali metal ion or the alkaline
earth metal ion for introduction of the alkali metal or the
alkaline earth metal described above is preferably not less
than 0.001 mmol and is more preferably not less than 0.01
mmol per 1 g of the PPS resin (A). The temperature of the
alkali metal treatment or the alkaline earth metal treatment is
preferably not lower than 50° C., is more preferably not lower
than 75° C. and is especially preferably not lower than 90° C.
The upper limit temperature is not especially specified but is,
in general, preferably not higher than 280° C. in terms of the
operability. The liquor ratio (ratio of the weight of cleaning
liquid to the dry weight of PPS resin (A)) is preferably notless
than 0.5, is more preferably not less than 3 and is furthermore
preferably not less than 5.

The polyphenylene sulfide resin (A) may be further subject
to high polymerization by thermal oxidative cross-linking
treatment, which is heating treatment under an oxygen atmo-
sphere after completion of polymerization and heating treat-
ment with addition of a cross-linking agent such as a perox-
ide.

When dry heat treatment is performed for the purpose of
high polymerization by thermal oxidative cross-linking, the
temperature is preferably not lower than 160° C. and is more
preferably not lower than 170° C. The above temperature is
also preferably not higher than 260° C. and is more preferably
not higher than 250° C. The oxygen concentration during the
above heating treatment is not less than 5% by volume and is
more preferably not less than 8% by volume. The upper limit
of the oxygen concentration during the above heating treat-
ment may be set arbitrarily, but may be about 50% by volume.
The processing time of the above heating treatment is prefer-
ably not less than 0.5 hours, is more preferably not less than
1 hour and is furthermore preferably not less than 2 hours. The
processing time of the above heating treatment is also pref-
erably not greater than 100 hours, is more preferably not
greater than 50 hours and is furthermore preferably not
greater than 25 hours. The device for heating treatment may
be a general hot air drying machine, a rotary heating device or
a heating device with stirring blades. It is preferable to use the
rotary heating device or the heating device with stirring
blades, in order to achieve efficient and more homogeneous
treatment.

The dry heat treatment may be performed with a view to
suppressing thermal oxidative cross-linking and removing
volatile components. The temperature of the dry heat treat-
ment is preferably 130to 250° C. and is more preferably in the
range of 160 to 250° C. The oxygen concentration in this case
is preferably less than 5% by volume and is more preferably
less than 2% by volume. The processing time is preferably not
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less than 0.5 hours and is more preferably not less than 1 hour.
The processing time is also preferably not greater than 50
hours, is more preferably not greater than 20 hours and is
furthermore preferably not greater than 10 hours. The device
for heating treatment may be a general hot air drying
machine, a rotary heating device or a heating device with
stirring blades. It is preferable to use the rotary heating device
or the heating device with stirring blades, in order to achieve
efficient and more homogeneous treatment.

According to the embodiment of the invention, a plurality
of polyphenylene sulfide resins (A) having different melt
viscosities may be used as a mixture.

(B) Polyphenylene Sulfide Resin Having Weight Loss Per-
centage AWr of not Greater than 0.18%

The polyphenylene sulfide resin (B) according to the
embodiment of the invention is a homopolymer or a copoly-
mer including a repeating unit expressed by a formula of
—(Ar—S)— as the main structural unit and preferably con-
taining 80 mol % or more of this repeating unit, where Ar may
be any of units expressed by formula (a) to formula (k) below,
but among them, the formula (a) is especially preferable:

[Chem. 4]
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(where each of R1 and R2 represents a substituent selected
among hydrogen, 1 to 12 carbon atom-containing alkyl
groups, 1to 12 carbon atom-containing alkoxy groups, 6 to 24
carbon atom-containing arylene groups and halogen groups;
R1and R2 may be identical with or different from each other).

Aslong as this repeating unit is the main structural unit, the
polyphenylene sulfide resin (B) may include a small amount
of a branch unit or a cross-linking unit, for example,
expressed by any of formula (1) to formula (n) below. The
copolymerization amount of such branch unit or cross-link-
ing unit is preferably in the range of 0 to 1 mol % relative to
1 mol of the —(Ar—S)— unit.

)

(m)

()

The polyphenylene sulfide resin (B) according to the
embodiment of the invention may be a random copolymer or
a block copolymer including the above repeating unit or may
be a mixture thereof.

Typical examples are polyphenylene sulfides, polyphe-
nylene sulfide sulfones, polyphenylene sulfide ketones, their
random copolymers and block copolymers and mixtures
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thereof. An especially preferable example of the PAS resin
(B) is a polyphenylene sulfide resin containing 80 mol % or
more or specifically 90 mol % or more of p-phenylene sulfide
unit as the main structure unit of the polymer:

[Chem. 2]
Ot

As the lower limit of the molecular weight (weight-average
molecular weight) of the polyphenylene sulfide resin (B)
according to the embodiment of the invention, a range of not
less than 10000 is selected; preferably not less than 15000 and
more preferably not less than 18000. As the upper limit of the
molecular weight (weight-average molecular weight) of the
polyphenylene sulfide resin (B), a range of not greater than
100000 is selected; preferably not greater than 50000 and
more preferably not greater than 30000. When the lower limit
of'the weight-average molecular weight ofthe polyphenylene
sulfide resin (B) is less than 10000, the outgas amount is
increased during molding process to deteriorate the moldabil-
ity and the mechanical strength of a molded product. When
the upper limit of the weight-average molecular weight
exceeds 100000, on the other hand, slower solidification in a
mold causes insufficient crystallization of a molded product
and is thus unlikely to have the sufficient effect of improve-
ment in heat resistance. The smaller weight-average molecu-
lar weight of the polyphenylene sulfide resin (B) according to
the embodiment of the invention causes quicker solidification
of the resin in the mold and ensures the significant effect of
improvement in heat resistance by high crystallization of a
molded product.

The spread of the molecular weight distribution of the
polyphenylene sulfide resin (B) according to the embodiment
of the invention, i.e., the degree of dispersion shown by the
ratio of the weight-average molecular weight to the number-
average molecular weight (weight-average molecular weight/
number-average molecular weight) is preferably not greater
than 2.5, is more preferably not greater than 2.3, is further-
more preferably not greater than 2.1 and is especially prefer-
ably not greater than 2.0. The degree of dispersion of not
greater than 2.5 is likely to decrease the amount of low
molecular-weight components included in the polyphenylene
sulfide resin (B). The decreased amount of the low molecular-
weight components included in the PPS resin (B) causes the
polyphenylene sulfide resin (B) to be likely to improve the
mechanical properties in the application of molding process,
decrease the outgas amount under heating and decrease the
amount of elution component under exposure to a solvent.
The above weight-average molecular weight and number-
average molecular weight may be determined, for example,
by ESC (size exclusion chromatography) using a differential
refractive index detector.

The melt viscosity of the polyphenylene sulfide resin (B)
according to the embodiment of the invention is not specifi-
cally limited, but a preferable range of the melt viscosity is
generally a range of 5 to 10,000 Pa-s (300° C., shear rate:
1000/s). The polyphenylene sulfide resin (B) having the melt
viscosity in this range is likely to have the good molding
processability.

The content of an alkali metal as an impurity included in
the polyphenylene sulfide resin (B) used according to the
embodiment of the invention is not specifically limited, but a
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preferable range of the alkali metal content as the weight ratio
is less than 700 ppm, in the light of development to the
application of semiconductor components that need the elec-
trical insulation properties. Controlling the alkali metal con-
tent to be less than 700 ppm desirably suppresses deteriora-
tion of the electrical insulation properties by the metal
impurity. In terms of suppressing deterioration of the electri-
cal insulation properties described above, the weight ratio of
the alkali metal content in the composition of the polyphe-
nylene sulfide resin (B) is more preferably less than 500 ppm,
is furthermore preferably less than 200 ppm and is especially
preferably less than 100 ppm. The alkali metal content of the
polyphenylene sulfide resin (B) according to the embodiment
of the invention is, for example, a value calculated from the
amount of alkali metal in the ash content provided as the
residue when the polyphenylene sulfide resin (B) is fired, for
example, using an electric oven. The alkali metal content may
be determined quantitatively by analysis of the above ash
content by, for example, ion chromatography or atomic
absorption spectrometry.

The alkali metal includes lithium, sodium, potassium,
rubidium, cesium and francium in the group 1A of the peri-
odic table. It is, however, preferable that the polyphenylene
sulfide resin (B) according to the embodiment of the inven-
tion does not include any alkali metal other than sodium.
Including an alkali metal other than sodium is likely to cause
adverse effects on the electrical properties and the thermal
properties of a polyphenylene sulfide resin composition. This
is also likely to increase the elution amount of metal under
exposure of the polyphenylene sulfide resin (B) to any of
various solvents. This is especially true in the polyphenylene
sulfide resin (B) including lithium. Among various metal
species, compared with metal species other than alkali met-
als, for example, alkaline earth metals and transition metals,
alkali metals are likely to have more significant effects on the
electrical properties and the thermal properties of a polyphe-
nylene sulfide resin composition and on the elution amount of
metal. Controlling the content of especially the alkali metal to
the above range among the various metal species is thus
expected to improve the quality of the polyphenylene sulfide
resin (B).

The significant characteristic of the polyphenylene sulfide
resin (B) used according to the embodiment of the invention
is that the weight loss percentage under heating satisfies the
following Expression (2):

AWr=(W1-W2)/W1x100=0.18(%) )

Herein AWr denotes weight loss percentage (%) and is avalue
determined from a sample weight (W2) at 330° C. based on a
sample weight (W1) at 100° C. in thermogravimetric analysis
from 50° C. to an arbitrary temperature of not lower than 330°
C. ata temperature rise rate of 20° C./minute under ordinary-
pressure, non-oxidizing atmosphere.

The weight loss percentage AWr of the polyphenylene
sulfide resin (B) used according to the embodiment of the
invention is not greater than 0.18%, is preferably not greater
than 0.12%, is more preferably not greater than 0.10% and is
furthermore preferably not greater than 0.085%. The weight
loss percentage AWr over the above range is undesirable since
this is likely to cause a problem of increasing the outgas
amount in the molding process of a PPS resin composition
including the polyphenylene sulfide resin (B) and is likely to
reduce the mechanical strength of a molded product. This is
also undesirable since this is likely to increase the deposit on
a nozzle or a die during extrusion molding or increase the
deposit on a mold during injection molding and thereby
reduce the productivity. To the inventors’ knowledge, AWr of
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the polyphenylene sulfide resin (A) produced by the known
production method exceeds 0.18%. The polyphenylene sul-
fide resin (B) produced by the preferable production method
of the invention, however, differs from the polyphenylene
sulfide resin (A) by the distribution of molecular weight and
the impurity content and has extremely high purity. This may
be the reason why the value of AWris significantly decreased.

AWTr is determinable by general thermogravimetric analy-
sis which uses ordinary pressure non-oxidizing atmosphere
as the atmosphere for analysis. The non-oxidizing atmo-
sphere denotes an atmosphere having an oxygen concentra-
tion of not higher than 5% by volume in the gas phase which
a sample is exposed to, preferably an atmosphere having the
oxygen concentration of not higher than 2% by volume and
more preferably an atmosphere containing substantially no
oxygen, i.e., an inert gas atmosphere such as nitrogen, helium
or argon. Among them, a nitrogen atmosphere is especially
preferable, in the light of the economical efficiency and the
easiness of handling. The ordinary pressure means a pressure
approximately to the atmospheric temperature and pressure
and denotes the atmospheric pressure condition at the tem-
perature of about 25° C. and the absolute pressure of about
101.3 kPa. The atmosphere for measurement other than the
atmosphere described above may cause oxidation of the PPS
resin during measurement and may differ significantly from
the atmosphere actually used for the molding process of the
PPS resin and is thus likely to fail the measurement corre-
sponding to the actual use conditions of the PPS resin.

For measurement of AWr, thermogravimetric analysis is
performed with increasing the temperature from 50° C. to an
arbitrary temperature of not lower than 330° C. at a tempera-
ture rise rate of 20° C./minute. A preferable procedure of
thermogravimetric analysis holds the temperature at 50° C.
for 1 minute and subsequently raises the temperature at the
temperature rise rate of 20° C./minute. This temperature
range is a temperature range frequently employed in the
actual use of the polyphenylene sulfide resin and is also a
temperature range frequently employed to melt the PPS in the
solid state and subsequently mold the molten PPS to an arbi-
trary shape. The weight loss percentage in such practical use
temperature range is related to the outgas amount from the
PPS resin during practical use and the amount of deposit on
the nozzle or on the mold during the molding process.
Accordingly the PPS resin having the low weight loss per-
centage in this temperature range is the higher-quality, better
PPS resin. It is preferable that the amount of the sample is
about 10 mg for measurement of AWTr. It is also preferable that
the sample shape is fine particles of not greater than about 2
mm.

The reason why the polyphenylene sulfide resin (B) used
according to the embodiment of the invention has such
extremely good thermogravimetric characteristic that the
weight loss percentage under heating satisfies Expression (2)
given above is so far not elucidated. It is, however, presumed
that the polyphenylene sulfide resin (B) used according to the
embodiment of the invention has a small content of impurity
components other than the PPS component and thereby
achieves an extremely low weight loss percentage, which is
not achieved by the known polyphenylene sulfide resin (A).

The PPS resin (B) having the characteristic of Expression
(2) given above is preferably produced by heating a polyphe-
nylene sulfide prepolymer including a cyclic polyphenylene
sulfide to be converted to a high degree of polymer as
described later. The conversion to the high degree of polymer
will be described later in detail. The PPS resin which is
obtained by conversion of the polyphenylene sulfide prepoly-
mer to the high degree of polymer and has a weight fraction of
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the cyclic PPS of not greater than 40%, preferably not greater
than 25% and more preferably not greater than 15% has an
especially small value of AWTr described above and is thus
desirable. The weight fraction of the cyclic PPS over the
above range is likely to increase the value of AWr. This reason
is so far not elucidated, but it is presumed that the cyclic PPS
contained in the PPS resin is partly vaporized under heating.

When the weight loss percentage of the polyphenylene
sulfide resin (B) used according to the embodiment of the
invention under heating satisfies Expression (2) given above,
the condition selected among the weight-average molecular
weight, the degree of dispersion and the alkali metal content
of the PPS resin (B) may not be necessarily in the above
range. As described above, the PPS resin including a certain
amount of the cyclic PPS may also satisfy the thermogravi-
metric characteristic of Expression (2) given above. The con-
dition selected among the weight-average molecular weight,
the degree of dispersion and the alkali metal content of the
PPS resin in the above range is, however, likely to specifically
reduce the weight loss under heating and is thus desirable.

The PPS resin (B) used according to the embodiment of the
invention has the excellent characteristic of the low weight
loss percentage AWr under heating with a temperature rise.
This PPS resin (B) is also likely to have another excellent
characteristic of a low weight loss rate before and after heat-
ing (heating loss) when the PPS resin (B) is kept at an arbi-
trary constant temperature.

It is also preferable that the polyphenylene sulfide resin (B)
used according to the embodiment of the invention is charac-
teristic of an extremely small amount of production of a
lactone-based compound and/or an aniline-based compound
under heating. Examples of the lactone-based compound
include -propiolactone, -butyrolactone, -pentanolactone,
p-hexanolactone,  fB-heptanolactone,  [-octanolactone,
[-nonalactone, f-decalactone, y-butyrolactone, y-valerolac-
tone, y-pentanolactone, y-hexanolactone, y-heptanolactone,
y-octanolactone, y-nonalactone, y-decalactone, d-pentano-
lactone, d-hexanolactone, d-heptanolactone, d-octanolac-
tone, d-nonalactone and d-decalactone. Examples of the
aniline-based compound include aniline, N-methylaniline,
N,N-dimethylaniline, N-ethylaniline, N-methyl-N-ethyla-
niline, 4-chloroaniline, 4-chloro-N-methylaniline, 4-chloro-
N,N-dimethylaniline, 4-chloro-N-ethylaniline, 4-chloro-N-
methyl-N-ethylaniline, 3-chloroaniline, 3-chloro-N-
methylaniline, 3-chloro-N,N-dimethylaniline, 3-chloro-N-
ethylaniline and 3-chloro-N-methyl-N-ethylaniline.

Production of the lactone-based compound and/or the
aniline-based compound by heating the polyphenylene sul-
fide resin (B) causes resin foaming during the molding pro-
cess and mold deposit to deteriorate the molding processabil-
ity and causes pollution of the ambient environment. It is
accordingly desired to minimize such production. The pro-
duction amount of the lactone-based compound is preferably
not greater than 500 ppm on a weight basis of PAS prior to
heating, is more preferably not greater than 300 ppm, is
furthermore preferably not greater than 100 ppm and is espe-
cially preferably not greater than 50 ppm. Similarly the pro-
duction amount of the aniline-based compound is preferably
not greater than 300 ppm, is more preferably not greater than
100 ppm, is furthermore preferably not greater than 50 ppm
and is especially preferably not greater than 30 ppm. The
evaluation method of the production amount of the lactone-
based compound and/or the aniline-based compound by heat-
ing the PAS resin may be, for example, a method of separating
the gas generated during treatment at 320° C. under a non-
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oxidizing atmosphere for 60 minutes into components by gas
chromatography and determining the components quantita-
tively.

The reason why only small amounts of these compounds
are produced by heating the polyphenylene sulfide resin (B)
used according to the embodiment of the invention is so far
not elucidated. It is, however, presumed that the polyphe-
nylene sulfide prepolymer used in the preferable production
method described later including at least 50% by weight of
cyclic polyphenylene sulfide and having high purity contrib-
utes to the small content of the impurities that produce the
lactone-based compound and/or aniline-based compound by
heating.

(B-1) Production Method of Polyarylene Sulfide

An exemplary production method of the above polyphe-
nylene sulfide resin (B) according to the embodiment of the
invention is a production method by heating a polyphenylene
sulfide prepolymer including at least 50% by weight of a
cyclic polyphenylene sulfide and having a weight-average
molecular weight ofless than 10,000 to be converted to a high
degree of polymer having a weight-average molecular weight
of not less than 10,000. This method readil